The analysis and design of civil engineering structures is a complex problem, which is based on many assumptions to simplify these operations. This in turn, leads to a difference in the structural behavior between calculations based models and real structures. Structural identification was proposed by many researchers as a tool to reduce this difference between models and actual structures. Moreover, Parametric models and non-parametric models were used intensively for system identification by many researchers. In this research effort, the system identification concept is utilized to identify the natural frequencies for a steel building's frames. Different black box linear parametric models such as Transfer Function model (TF), Auto-Regressive model with eXternal input model (ARX), Auto-Regressive Moving Average with eXternal input (ARMAX) model, Output Error model structure (OE), and Box-Jenkins model (BJ) were examined for identifying the first 10th natural frequencies for the building's frames, based on simulation results. Abaqus 6.12 finite-element software was utilized to perform the time history analysis for the examples and the obtained responses at one point of the roofs (assumed as a sensor) were further processed by the parametric models to obtain the building's natural frequencies based on the Abaqus time history analysis results (assumed as a measurements). After that, Abaqus 6.12 was utlized again to perform another analysis, which is called frequency analysis to obtain the building's natural frequencies and mode shapes based on the stiffness and mass (not the measurements) of the buildings. The results showed that the linear parametric models TF, ARX, ARMAX, OE, and BJ are robust to identify the natural frequencies of building and they are recommend for future work.
Introduction
The analysis and design procedures of buildings during the last decades were based mainly on a basic and uncompromising model of structures [1, 2, 3] , For instance; many designers model the buildings as plane frames [4] . These simplified procedures performed successfully when used efficiently and produced economic and safe designs. However, these procedures were unable to describe the actual behavior of the real structures precisely [5] . Nowadays, and even with the ability to simulate the three-dimensional performance of the real structures, the reliable behavior of structures still needs more than just a refined model.
Structural Identification (St-Id) approach was utilized to bridge the gap between the real structure and the model. Basically, the St-Id is the procedure of constructing/ updating the finite-element model (physics-based model) from its measured dynamic/static response, which can be utilized to evaluate the structures health, damage detection, efficiency and to obtain a non-physics based model (statespace, differential and/or difference equations) of a dynamic system from its measured response [6] . The use of a parametric model, even with the computational effort required, is justified in order to get the more accurate estimate for the modal parameters, which will help to obtain a precise understanding of the dynamic behavior of the structure [7] . Non-parametric models were used intensively for system identification by many researchers [8, 9, 10] . Moreover, Parametric model structures have been utilised for damage detection in civil engineering structures. For instance, Bodeux and Golinval used the AutoRegressive Moving Average Vector (ARMAV) model for system identification and damage detection of buildings [11] . Vector ARMA models were utilized for identification of civil engineering structures by [12, 13] . A comparison of four system identification methods namely, Peakpicking, poly reference, stochastic subspace, and prediction error were conducted by Andersen et al [14] . Despite the enormous developments in parametric model's identification methods, their relative merits and performance as correlated to the vibrating structures are still incomplete. The reason for this limited knowledge is due to the lack of comparative studies under various test conditions [15] . The aim of this research is to utilize the structural identification concept to identify the natural frequencies for a 2D-frame of a multi-story steel building. Different black box linear parametric models such as Transfer Function model (TF), Auto-Regressive model with eXternal input model (ARX), the Auto-Regressive Moving Average with eXternal input (ARMAX) model, Output Error model structure (OE), and Box-Jenkins model (BJ) were examined for identifying the first 10 t h natural frequencies for the frame based upon simulation results. Abaqus 6.12 finite-element software was utilized to perform the time history analysis for the building's frame and the obtained response at one point of the roof (assumed as a sensor) was further processed by the parametric models to obtain the building's natural frequencies based on the simulation results (assumed as a measurements). In the sequel, Abaqus 6.12 was utilized again to perform another analysis, which is called frequency analysis to obtain the building's natural frequencies based on the stiffness and mass (not the measurements) of the building's frame. A comparison between the results obtained from the two approaches was conducted to explore the efficiency of the previously mentioned parametric model in predicting the building's natural frequencies. Overall, this article is structured as it follows: Section 2 review the different kinds of parametric model structures, while in Section 3 numerical examples were given to show the differences in models' prediction efficiency. Finally, the conclusions were drawn in Section 4.
Parametric Model Structures
Mathematical models are generally used to describe the dynamic systems. These models can be divided into two main categories of model structures: Non-parametric model structures and parametric model structures [5] . Although the embedded application simplicity of the nonparametric methods, like the Fast Fourier Transform (FFT), the accuracy of these methods is limited, and the parametric methods should be utilized when it is required to obtain an accurate model for the system [12] . In this case, the mathematical models are assumed to be composed of a set of parameters to be calculated by system identification. This mathematical model takes the form of differential equation in case of a linear and time-invariant continuous-time system, while the corresponding discrete-time is in the form of difference equation.
Figure (1), displays a typical dynamic system subjected to input u(t) and the response of the system is described by the output y(t), which is affected by disturbance v(t). It is clear from Figure ( 1) that the output is a combination of the input and the disturbance. Moreover, it is worth mentioning that the disturbance cannot be controlled, and even the input may be unknown and uncontrollable in some kind of systems. Then the basic complete description of a linear system, including the impulse response, additive disturbance, and the Probability Density Function (PDF) of the disturbance e(t) is provided by equation (1) [16] : (1) where: u(t) is the input signal, y(t) is the output signal, e(t) represents the stochastic input corresponding to the noise and prediction errors, G(q) is the transfer function of the deterministic part of the system, and H(q) is the transfer function of the stochastic part of the system. The parameters in the transfer function of equation (1) are determined during the system identification process. The vector θ is usually used to designate these parameters and the system description given in equation (1) can be rewritten in the following form:
y(t)=G(q,θ)u(t)+H(q,θ)e(t) (2)
Transfer-function models can be utilized directly for parameterizing G and H of Eq.1 by considering them as rational functions and use the parameters as the numerator and denominator coefficients. This approach can be fulfilled using different techniques, which are generally known as black-box models. These models include: Transfer Function model (TF), Auto-Regressive model with eXternal input model (ARX), Auto-Regressive Moving Average with eXternal input (ARMAX) model, Output Error model structure (OE), and Box-Jenkins model (BJ). The main difference between these models is how to parameterize the transfer functions (G and H) of Eq.2.
The transfer functions for all the models will be presented in the following sequence, while the corresponding signal flows will be also depicted in Figure ( 2). Full derivations of these models can be located in the references [17, 18] .
• Transfer Function model: The effects of disturbance are ignored and are not taken into consideration as presented in (Eq.3):
• ARX model: Represents the simple relation between the input and output given by the linear difference equation (Eq.4). Although that fact that the ARX model predictor expresses a linear regression, the disturbance passes through 1/(A(q)) due to mathematical consideration, which is not correct physically.
G(q,θ)=B(q)/A(q) , H(q,θ)=1/A(q) (4)
• ARMAX model: The main problem with the ARX model (Eq.4) is the limited capability in defining the disturbance term. ARMAX model overcomes this problem by defining the equation error as a Moving Average (MA) of disturbance as presented in the sequel:
• Output Error model: In the previous two models (equation error model structures) the polynomial A was used as a common factor in the denominator for determining the transfer functions G and H, while in the output error model structure, these transfer functions are parameterized separately because it is more natural from a physical point of view as shown below:
G(q,θ)=B(q)/F(q)
• Box-Jenkins model: This type of models is an extension of the output error model by describing the output error as an ARMA model and can be expressed in the following form:
Numerical Examples
For evaluating the presented identification methods, two different examples have been analyzed in this article. The first one is for a regular building's frame and the other one is an irregular building's frame. Abaqus 6.12 finite-element software was utilized to perform the time history analysis for the examples and the obtained responses at one point of the roofs (assumed as a sensor) were further processed by the parametric models to obtain the building's natural frequencies, based on the Abaqus time history analysis results (assumed as a measurements). After that, Abaqus 6.12 was utlized again to perform another analysis, which is called frequency analysis to obtain the building's natural frequencies based on the stiffness and mass (not the measurements) of the building's frame. Quadratic elements types (B22) from Abaqu's beam library were used for simulating the structural behavior of beams and columns. A horizontal ground acceleration in the form of a normally distributed Gaussian white noise excitation with zero mean and a unitary variance was used to excite the model. The amplitude of the Gaussian white-noise signal in the time domain was scaled by a factor of 0.3g. The total simulation time was 60 second, with a simulation time step of 0.02 second. Matlab 2012b system identification toolbox was utilized to identify the frame natural frequencies from the roof acceleration responses obtained from Abaqu's time history analy-sis. As a check for the correctness of the predicted models, the Matlab's best-fit method, which gives a clue about the model efficiency to represent the main system dynamics and whether the linear simulation is appropriate has been utilized.
Regular Steel Frame
A ten story bench mark building 45.75m by 45.75m in plan, and 40.82m in elevation with one underground level was used for the first example. This bench mark building was proposed and designed by the SAC project for the Los Angeles, USA [19] . The lateral load-resisting system is composed from four steel perimeter moment-resisting frames. The bays are 9.15m on center, in both directions. The floorto-floor height is 3.65m for the underground floor, 5.49m for the ground floor, and 3.96m for the remaining eight stories. Figure (3) shows the building elevation.The lumped seismic mass for each story was applied at the center of each level. Table ( 1) displays seismic masses for each story and the steel sections used for the beams and columns. The analysis was conducted based on a pinned support condition assumption at the bottom of the underground floor, which is also prevented from side movement as it is shown in Figure (3) .
Figure (4) presents the first 5 mode shapes for the frame obtained from Abaqus frequency analysis and the values for the first 10 t h frame natural frequencies were displayed in Table ( 2).
The Best-Fit approach results showed that TF, AR-MAX, OE, and BJ Models are superior in predicting the model structures. The ARX model gives also good performance but less than the previously mentioned models. The identified natural frequencies (from the assumed measurements) are depicted in Figure (6) . Clearly, all of the models were very successful in predicting the frame natural frequencies, and their results were very close to the natural frequencies obtained from Abaqu's frequency analysis, which are based on buildings' mass and stiffness (see 4   Table 2 ). 
Irregular Steel Frame
The second example is a virtual irregular steel frame with 3 different spans of 9m, 7.5m, and 10m as depicted in Figure (7) . The floor-to-floor height is 4.0m for the first floor, 5.0m for the second floor, and 4.0m for the remaining seven stories. The lumped seismic mass for each story was applied at the top of the columns at each level. Table ( 3) displays seismic masses for each story and the steel sections used for the beams and columns. The analysis was conducted based on a fixed support condition assumption at the bottom of the first floor. Again, the Best-Fit approach results showed that TF, ARMAX, OE, and BJ Models are superior in predicting the model structures. The ARX model gives also good performance but its performance differs for the range of high frequency (above 7 Hz). A comparison for the performance of the different models based on their Best-Fits results was presented in Figure (9) .
The identified natural frequencies (from the assumed measurements) are depicted in Figure (10) . Clearly, all of the models were very successful in predicting the frame natural frequencies, and their results were very close to the natural frequencies obtained from Abaqu's frequency analysis, which are based on buildings' mass and stiffness (see Table 4 ). 
Conclusion
The main conclusion of this article is that the linear parametric models like Transfer Function model (TF), AutoRegressive model with eXternal input model (ARX), AutoRegressive Moving Average with eXternal input (AR-MAX) model, Output Error model structure (OE), and Box-Jenkins model (BJ) are robust to identify the natural frequencies of the buildings (regular and irregular) and they are recommended for future work.
